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The Along Track Scanning Radiometer for ERS-1—
Scan Geometry and Data Simulation

A. J. FRED PRATA, ROBERT P. CECHET, IAN J. BARTON, anp DAVID T. LLEWELLYN-JONES

Abstract—The first European Remote-sensing Satellite (ERS-1), due
to be launched in 1990, will carry the Along Track Scanning Radiome-
ter (ATSR) which has been specifically designed to give accurate sat-
ellite measurements of sea surface temperature (SST). Details of the
novel scanning technigue used by ATSR are given, and data from the
NOAA-9 AVHRR instrument are used to simulate raw ATSR imagery.

I. INTRODUCTION

HE first remote-sensing satellite to be launched by the

European Space Agency (ESA) during 1990 will carry
a suite of instruments designed to provide valuable data
related to the earth’s oceans. Included in the payload is
an instrument that has been specifically designed to mea-
sure sea surface temperature (SST) with an absolute ac-
curacy that will make the data suitable for climate moni-
toring (the intemational Tropical Oceans Global
Atmosphere, TOGA, program specifies an accuracy goal
of 0.3 K [1]) and research. This instrument, the Along
Track Scanning Radiometer (ATSR), is to be supplied to
the ESA by a consortium of countries, including the
United Kingdom, France, and Australia.

The ATSR has a channel at 1.6 uym, and 3 infrared
channels that cover the same wavelength bands as the Ad-
vanced Very High Resolution Radiometer (AVHRR-2) on
the operational NOAA satellites (3.6-3.9, 10.3-11.3, and
11.5-12.5 um). Both instruments have similar spatial res-
olution at the surface (1.1 km at nadir). The ATSR, how-
ever, incorporates several design features that are ex-
pected to provide a far more accurate SST measurement
than is currently available from satellite instruments.
These features include improved on-board calibration, ac-
tive cooling of detectors, dual-angle viewing of the earth’s
surface, and 12-bit resolution of the raw data transmis-
sion. Further details of the ATSR design characteristics
are given by Delderfield et al. [2].

The capability of simultaneously (within 2 min) view-
ing the earth’s surface from two different locations in
space is an exciting feature of the ATSR. A conically
scanning objective mirror gives a cross-track scan passing
through the nadir, as well as a second scan forward of the
subsatellite point (see Fig. 1). On the earth’s surface these
two scans are both curved and are separated by about 500
km on the subsatellite track. A further complication to the
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Fig. 1. Scan geometry for the ATSR instrument.

scan geometry is introduced by the ‘‘yaw steering’’ of the
ERS-1 satellite. Here the satellite roll axis is moved away
from the direction of flight to account for the rotation of
the earth beneath the sun-synchronous satellite. The ge-
ometry of the ATSR scan mechanism, including the co-
location of pixels in the two scans and the effect of yaw
steering, is given in this paper. As the ATSR infrared
channels span the same wavelength bands as those on the
AVHRR, it is possible, using the ATSR and AVHRR scan
geometries, to simulate the ATSR data stream by using
data from the AVHRR. In this initial work allowance is
made for the curved ATSR scans, yaw steering, and the
extra atmospheric absorption of the radiances measured
in the forward scan. The earth is assumed to be spherical
and the orbit of ERS-1 is assumed to be circular. Figures
are included which show the curved nature of the ATSR
data, the increased absorption in the forward scan, and an
example of SST determination using a combination of the
ATSR nadir and forward views. The results presented will
initially be used to test the standard ATSR data processing
system that is under development at the Rutherford-Ap-
pleton Laboratory in the United Kingdom. Future devel-
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opments of the simulated data will include the many op-
tions available for the ATSR data stream, the variability
in satellite altitude, the interleaving of the 1.6-um chan-
nel data, and the on-board differencing of the 11- and 12-
pm data. Later, cloud height and topographic effects may
also be included. Meanwhile, the details of the ATSR ge-
ometry and the simulated images presented here give a
first view of the data to be expected from the ATSR and
may thus assist in various pre-launch activities.

II. ATSR Scan GEOMETRY
A. ATSR Conical Scan

The ATSR rotating mirror causes the instrument beam
to scan in a cone with a half-angle of 8 (nominally
23.45°). Points on the earth’s surface are scanned in a
clockwise direction with the unit normal vector pointing
downwards. The total scan is divided into 2000 pixels and
the cone axis is tilted forward so that pixel number 501 is
at the subsatellite point. The nadir scan is comprised of
555 pixels, while the forward scan is comprised of 371
pixels. Both scans cover a swath of approximately 500 km
depending on the satellite altitude. The following equa-
tions can be used to determine the location of the ATSR
pixels on the earth’s surface relative to the subsatellite
point. The angle of rotation (¢) of the off-set mirror that
traces out the conical scan is given by

€ =2x <P2‘005)01> (1)

where p is the pixel number (p = 501 is for the sub-
satellite point, and p = 1501 is for the central pixel in the
forward scan). The zenith angle at the earth’s surface x
is given by

R.+h
sin (x) = sin (a)[ R ] (2)
where « is the nadir angle at the satellite, h is the satellite
altitude, and R, is the earth’s radius. Also, if 4 is the dis-
tance between the satellite and the pixel location on the
earth’s surface, then

dsin () = R, sin (x — a). (3)

To calculate «, we consider a right cross-section of the
cone (a circle with center Q) that intersects the earth’s
surface at the pixel location B (see Fig. 1). Then

sin (g) = sin (8) sin (%)

If B’ is the complementary point on the opposite side of
the subsateilite track on the earth’s surface, then the
straight line distance BB’ is given by

BB' = 20B sin (¢)

(4)

(s)
and
OB

4= Gn(6)

(6)

Thus, if the angle at the earth’s center subtended by BB’
is 2a, then

) BE’
sin (a@) = 2R, (7)

and combining (3), (5)-(7), we get
sin (@) = sin (x — «) sin (G)ZL;—((—S—; (8)

where a is also the angle at the earth’s center that is sub-
tended by the cross-track distance between the pixel and
the subsatellite track. To calculate the along-track dis-
tance on the earth’s surface, we need to consider the right
spherical triangle on the earth’s surface (shown in Fig. 2)
that is determined by the pixel itself (B ), the subsatellite
point (4), and the point on the subsatellite track directly
above the mid-point of BB’ C). Napier’s rules for right
spherical triangles gives

(9)

where the distances on the earth’s surface are specified in
terms of the angle subtended at the earth’s center. The
angle c is given by ( x — «) and gives the earth’s surface
distance between the pixel at B and the subsatellite point,
while b gives the along-track distance. Typical earth’s
surface distances for the two ATSR scans are given in
Table I, and the positions of some pixels and the hot and
cold blackbodies are shown in Fig. 3.

cos (b) cos (a) = cos (¢)

B. Yaw Steering .

The principal mode of operation for the ERS-1 satellite
is yaw steering, such that the satellite is slowly oscillated
about its yaw axis to compensate exactly for the rotation
of the earth beneath the satellite. The yaw angle I' is given

by

_ [(sin® (i) — sin? (8))"/°
=t l[ 8./9, — cos (i)

where 0 is the latitude, { is the inclination, @, is the ro-
tation rate of the earth, and {, is the rotation rate of the
satellite. This angle can easily be incorporated into the
geametry above. The correction is of orbital frequency, a
maximum at the equator, zero at latitudes + (180 — i),
and of opposite sign on the ascending and descending
nodes. Yaw steering is used in order to compensate for
the Doppler effect introduced by earth rotation in the wind
measurements made by the scatterometer on-board the
ERS-1 satellite. The effect of yaw steering on the ATSR
forward scan swaths is shown in Fig. 4. The locus of
points on the swath for a yaw-steered satellite is shown
by the solid line. For reference, the dashed line shows the
swath without yaw steering. The swaths are noticeably
tilted with respect to the reference swaths and displaced
westwards on both the ascending and descending nodes.
A larger portion of the scan swaths covering approxi-
mately one orbit is shown for the nadir and forward views
in Fig. 5. The effect of yaw steering is to shift the forward
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Fig. 2. The right spherical triangle bounded by the along-track distance,
the across-track di , and the dist from the pixel to the sub-
satellite point.

TABLE I
LocAL ZENITH ANGLE { x ), CrOss-TRACK DISTANCE (4) AND ALONG-
TRACK DISTANCE (B) FOR SELECTED PIXELS IN TRE ATSR SCAN. THE
EFFECT OF YAW-STEERING HAS NOT BEEN INCLUDED. VALUES ARE
CALCULATED FOR A SATELLITE ALTITUDE OF 777 KM AND AN EARTH'S
Rapius oF 6371 kM. P1XeELs 501 AND 1501 ARE ON THE

SUBSATELUITE TRACK

Pixel No. x (degrees) a(km) b (km)
Nadir scan

501 [} 0 0

550 39 4715 30

600 79 954 137

650 119 1422 3t

700 158 1873 55.6

750 197 2299 870

224/778 218 2524 1077
Forward scan

1501 55.0 0 9013

1550 54.8 748 8928

1600 542 1477 8669

1650 532 2139 8255

1316/1686 523 2560 7876

scans into alignment with the nadir scans. The alignment
is not exact, however, because the amount of yaw angle
used compensates for earth rotation at the latitude of the
sub-satellite point and not at the latitude of the forward
scan. For pixels off the sub-satellite point the shift in
across track distance due to this yaw angle does not ex-
actly cancel the shift due to earth rotation.

C. Satellite Altitude Changes

Changes in the altitude of the satellite cause changes in
the panoramic distortion in the image. However, a more
important effect is manifest in these data because of the
dual-viewing capability of the ATSR. A change in the
height of the satellite causes a movement in the relative
positions of the nadir and forward views on the earth’s
surface. Derivation of accurate SST’s relies crucially on
being able to co-locate the dual-angle views. The effect
of height changes on the positions of the pixels (as defined
by the across- and along-track distances) has been esti-
mated by assuming an ERS-1 reference orbit (shown in
Fig. 6), calculating new along- and across-track distances
and subtracting off the corresponding distances for a con-
stant height orbit of 777 km. The results for the across-
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Fig. 3. ATSR pixel selection map showing locations of pixels and calibra-
tion sources (hot and c¢old black bodies) in a scan line.
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Fig. 4. Forward scan swaths for a portion of an ERS-1 satellite orbit, with
yaw steering (solid line) and without yaw steering (dashed line).
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Fig. 5. Forward and nadir scan swaths with yaw steering for approxi-
mately one orbit. The arrows indicate the direction of flight of the ERS-
1 satellite.

and along-track distances are shown in Fig. 7(a) and (b)
for pixels on the edge and center of the swaths (pixels
224, 501, 778, 1316, 1501, and 1686). In these plots we
have assumed no yaw steering. The actual distances on
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Fig. 6. ERS-1 reference orbit used to assess the effects of height changes
on along- and across-track distances. Note that this orbit is only approx-
imate and may not be the actual ERS-1 orbit used in flight.
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Fig. 7. (a) Difference in along-track distance for selected pixels on the
earth’s surface for a satellite with and without altitude changes. (b) Same
as for (a), except that the difference is in the across-track distance.

the earth’s surface from the subsatellite track for these
pixels without yaw steering or altitude variations are
shown in Table I. The effect of altitude changes is greatest
on the along-track distance, which can be increased by up
to 33 km. When yaw steering is included, the pixel lo-
cations are changed in both the along- and across-track
directions and by amounts which are similar to or greater
than those due to height changes (Fig. 8(a) and (b)). Note
that although changes of up to 60 km or more occur, the
total swath width for a given scan line is roughly the same
with and without yaw steering and is only slightly in-
creased due to altitude variations (cf. pixels 1316/1686
in Fig. 8(b)).

D. Stability of ERS-1

The pointing accuracy required for the ATSR to meet
its scientific goals (i.e., accurate SST) have been esti-
mated to be 0.49° in pitch and roll and 0.60° in yaw. The
ERS-1 platform is expected to be extremely stable and in
addition the ESA plans to provide data at periodic inter-
vals in order to characterize the attitude of the satellite.
The anticipated overall pointing accuracies of ERS-1 are
0.14° in pitch and roll and 0.28° in yaw.

In order to achieve co-location of the forward and nadir
views to within 1 pixel requires errors less than 0.08° in
all three axes. Since these are unlikely to be met, pointing
errors will be corrected by using identifiable points (e.g.,
landmarks) in the ATSR image. Also, the attitude data
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Fig. 8. (a) Difference in along-track distance for selected pixels on the
earth’s surface for a satellite with altitude changes and yaw steering, and
for a satellite without altitude changes or yaw steering. (b) Same as for
(a), except that it is for the across-track distance difference.

made available by ESA will be used to correct the forward
and nadir data for stability changes. These data will be
particularly useful when no landmarks are available; for
example, over open ocean.

The nonstatic attitude error rates for roll, pitch, and yaw
have been estimated to be 2.01 1073° 57!, 1.84 1073°
s~!,and 1.61 10732 57", respectively. The corresponding
time to accumulate an error of 1-pixel width is 37 s for
roll, 40 s for pitch, and 63 s for yaw. Consequently, on a
pixel-by-pixel basis it will not be possible to accurately
combine information from the forward and nadir scans.
However, for clear pixels over open ocean (i.e., away
from land and steep temperature gradients), the required
accuracy for overlap of the forward and nadir swaths is
about 3 km. Although meeting this requirement would ap-
pear to be marginal, the figures quoted above are worst-
case estimates, and it is expected that improvement will
be made by including some post-processing attitude cor-
rections.

III. ATSR DATA SIMULATION

A software package has been written to simulate ATSR
data primarily to test processing schemes in preparation
for the launch of ERS-1, but also to give potential users
an opportunity to assess the usefulness of the data. In or-
der to simulate ATSR data, we have used AVHRR ther-
mal channel data from orbit 16290 of the NOAA-9 sat-
ellite received on February 10, 1988 at 0615 UT. A full
width swath with the central region covering the south-
eastern comner of mainland Australia and the island of
Tasmania was used, as the island has dimensions well-
suited to exhibit the distortion produced by the conical
scan of the ATSR.

Fig. 9 shows a false color image of the AVHRR scene
used in the simulation. The enhancement of the image is
produced by assigning red to AVHRR channel 2~-channel
1, green to channel 2, and blue to channel 4. This partic-
ular enhancement shows the most vegetated areas of the
image (e.g., forests) as orange to red, while leaving water
surfaces colored blue, and clouds bluish white.

In the simulation method adopted we assume that the
fictitious orbital trace of the ERS-1 satellite (carrying the
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ATSR) coincides exactly with that of the NOAA-9 satel-
lite (carrying the AVHRR). The inclinations of the orbits
were assumed to be the same, but the corresponding
heights were taken as 777 km for ERS-1 and 870 km for
NOAA-9. The start location of the simulation corre-
sponds to time ¢ = #,, where the AVHRR and ATSR are
scanning at the same location relative to the earth’s sur-
face, and the ATSR is scanning line 1 and pixel 1 (see
Fig. 3). The lines and pixels corresponding to a nadir scan
angle of 0° (i.e., both instruments viewing vertically
downwards) are (1,501) for the ATSR and (), 1024 ) for
the AVHRR, where /§ is the earliest AVHRR line used in
the simulation for the nadir scan. An added complication
in the simulation arises because the forward scan receives
data from 900-km ‘‘up-track’’ of the nadir scan. Conse-
quently, at £, the moment the two subsatellite points are
assumed to be coincident, the data from the forward scan
has already been obtained.

As we are including yaw steering, the AVHRR data has
been accurately navigated to allow the determination of
the latitude of ERS-1 from AVHRR pixel and line num-
bers. Using the equations developed in Section II, the
ATSR across-track distance ( R,) and along-track distance
(R,) are given by

R, = R, sin™" [sin(4 + T) sin (4)]
cos {A)

cos <&
R,

The angle A is obtained from the spherical triangle shown

(11)
(12)

R, = R + R, cos™

in Fig. 2:
. —y (sin {a)
= — ], 13
A = sin (sin (c)) (13)
The ATSR line number / is determined from
R, w
= z 5] (14)

and the pixel number is given by (1).

Note that the yaw angle (T') has been included in these
calculations. The distances are then used to determine the
corresponding AVHRR pixel and line numbers.

A. AVHRR Scan Geometry

The NOAA-9 polar-orbiting satellite flies in a sun-syn-
chronous orbit, with an inclination near 98.8° at an alti-
tude of 870 km above the earth’s surface. The AVHRR
instrument collects data by scanning perpendicularly to
the direction of motion from an angle of 0° out to 55.4°
on each side of the nadir, producing a swath over the sur-
face of the earth of approximately 3000 km. The data ac-
quisition rate is 360-lines per min, and 2048 samples (pix-
els) are obtained in each scan at equal increments in the
scan angle. Each channel has an instantancous field of
view 1.3 mrad, yielding a spatial resolution of about 1 km
at the subsatellite point, and at the edges of the swath 2.4

7

km along the satellite track by 6.8 km across the track.
These have been calculated by using the equations given
in the Appendix and are compared with the ATSR pixel
sizes. Further details of the instrument may be found in
Lauritson et al. [5].

Each of the ATSR nadir and forward scan coordinates
(line and pixel) are related to the AVHRR scan coordi-
nates through the across- and along-track distances on the
earth’s surface. The AVHRR orbital velocity, line scan
rate, and angular scan increment are known; therefore the
AVHRR line (/') and pixel (p’) are

R ’
l'=1(,+17’% (15)
« (%)
sin R—T
1 2
= 1024.5 + — -1
P Sty R+ W _ (R
R, *\R,
(16)

where Ay is the AVHRR scan angle increment, h’ is the
altitude of the NOAA-9 satellite, w’ is the line scan rate
of the AVHRR, and Q) is the orbital velocity of
NOAA-9.

An ATSR line and pixel location does not normally cor-
respond to a particular AVHRR line and pixel; therefore,
the simulation software allows the user to select either the
data from the nearest AVHRR line and pixel to the ATSR
location, or a distance-weighted value over neighboring
pixels.

B. Simulated ATSR Image

The image displayed in Fig. 10 and on the front cover
is produced by using a combination of data from AVHRR
channels 1, 2, and 4 that has been processed with the
ATSR simulation software. For an ATSR image, the scan
mirror crosses the earth’s surface in different directions
for the two views, but in our image the two views are
displayed in the correct sense so that intercomparison is
possible. Also, the forward view has been displaced by
approximately 900 km so that the two views span the same
area. The simulated image shows clearly the curvature that
will be present in both the ATSR views. The horizontal
line near the top of the AVHRR image in Fig. 9 was pro-
duced by setting all the data in one scan line to be the
maximum value. These pixels are transposed into the sim-
ulated images as curved lines. The curvature effect is also
evident at the bottom corners of the forward view where
no corresponding AVHRR data were available. The yaw-
steering mode used by ERS-1 means that the satellite will
look at an angle to the direction of the satellite motion,
causing the center of the forward scan to be off the sub-
satellite track. This effect is seen in Fig. 10, where
features' on the nadir scan are also seen in the forward

'Because of the opposite curvatures in each scan, some features to the
north and south of the image are not duplicated.
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scan, and vice versa. Another distortion present in all the
images is due to the differences in the spacing between
pixels and lines. The AVHRR image shows the island of
Tasmania to be rather squat when compared to a map as
a result of the difference between pixel and line spacing
(0.8 and 1.09 km; see Appendix). In the nadir view the
ATSR pixel and line spacing are almost equal, giVing a
more realistic image of the island.

IV. ATMOSPHERIC ABSORPTION

The accurate determination of SST from satellite data
requires an estimate of the effect of atmospheric absorp-
tion and emission at the wavelengths sampled by the ra-
diometer. This can be done by using differential absorp-
tion techniques. In the case of AVHRR data, the different
absorption provided by 2 (or 3) infrared channels is used.
For ATSR data, multiangle, as well as multichannel,
techniques can be used, as the effect of absorption in the
forward view at zenith angles near 55° should be approx-
imately twice that for the nadir scan. In our ATSR data
simulation the subsatellite tracks for both ATSR and
AVHRR are taken to be coincident, and thus the data in
the ATSR nadir scan already includes the atmospheric ef-
fect present in the AVHRR data. However, for the for-
ward scan it is necessary to include some extra absorption
to give realistic ATSR data. This is done in the following
manner: Barton et al. [3] have used a band model of trans-
mission through the atmosphere, with a data set of 74 ra-
diosonde profiles to calculate theoretical satellite-mea-
sured radiances (or brightness temperatures), and have
then derived linear algorithms for deriving SST from
AVHRR and ATSR data. The algorithms are derived by
using a regression procedure that minimizes the difference
between the true and derived SST’s. The band model of
transmission was used to calculate the nadir scan values
(T34, Tyy, and Ty;) and the forward scan values (T4,
T{;, and T%,) for the subsatellite track and for selected
distances off this track. The regression procedure was then
used to calculate the coefficients in the following equa-
tions:

T, = ATs; + BTy, + C, (17)
T{, = 4T + BTy, + C, (18)
le.z = A3T|| + B3T|2 + C3. (]9)

Here the f refers to the forward scan data, and A4, B, and
C are the linear coefficients; i.e., the ATSR forward scan
data are derived from the AVHRR nadir scan data. To
account for the small effect of less absorption at the ex-
tremities of the forward scan (see the zenith angles in Ta-
ble 1), the coefficients include a term that is dependent on
the cross-track range from the subsatellite track. Thus the
coefficients are given by

(4, B, C;) = (A + A!d, B! + B! d,C| + C} d)
(20)

TABLE 1I
COEFFICIENTS FOR THE DERIVATION OF SIMULATED ATSR FORWARD-SCAN
DATA FROM THE AVHRR VALUES USING EQUATIONS (17)~(19). THe
COEFFICIENTS ARE DETERMINED USING THE RELATION 4, = Al + Al d,
ETC., WHERE d IS THE CROSS-TRACK DISTANCE FROM THE SUBSATELLITE

TRACK IN KM
i A,B,C  A,B.C
1 A, OS80IIE+00 021423E-03
B; 0.18607E+00 -0.20351E-03
Ci  0.24362E+081 -0.19230E-02
2 A; -0.74385E-0F  0.10438E-02
B; 0.10764E+01 -0.10473E-02
C; -0.14146E+01 0.18331E-02
3 A -0.10889E+01 0.11422E.02
B; 0.20868E+0f -0.11471E-02
C; -0.49757E+00 0.23984E-02

where d is the across-track distance (in kms) from the sub-
satellite point, and i = 1, 2, or 3. The linear coefficients
are given in Table II. That this procedure for deriving the
brightness temperatures for the forward-scan works can
be tested by implementing an SST algorithm ( 7, and 7},)
for the AVHRR data as well as an ATSR nadir- and for-
ward-scan algorithm, and then comparing the SST’s de-
rived. This was done, and the rms difference between the
AVHRR and ATSR SST’s obtained from the algorithms
was less than 0.1 K. The algorithms used are given by
Barton er al. [3]. The AVHRR data taken from the as-
cending (daytime) pass over southeastern Australia in-
cludes an almost cloud-free image of the Island of Tas-
mania and the water between the Australian mainland and
Tasmania (Bass Strait) and is suitable for determining the
SST’s. Fig. 11 shows the information displayed as the
sea-surface temperature derived using the operational
MCSST algorithm of McClain er al. [7].

Fig. 12 shows a simulated image of an ATSR 11-um
channel data. For the nadir view, the AVHRR Channel 4
data were used without any change to the pixel value.
However, for the forward view extra atmospheric absorp-
tion was introduced as discussed in the previous section.
In this image the land surfaces are colored black, the
clouds white (or light blue), and the brightness tempera-
ture of the clear sea surface is colored from red for hot
water to blue for cold water. The color wedge gives the
brightness temperature values. The same scale has been
used for both views and the effect of extra atmospheric
absorption in the forward view is seen as a decrease in the
brightness temperature of about 2 K. One of the features
of the ATSR is its ability to correct for atmospheric ab-
sorption by using its dual-angle capability. Fig. 13 shows
data from a section of the ATSR (and AVHRR) images
which give an example of the SST derivation. The figure
shows the 11-um brightness temperatures and the SST de-
rived from the data along the line drawn in Fig. 11, The
SST was deduced using the appropriate algorithm given
by Barton et al. [3]. This derivation is admittedly circu-
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Fig. 9. The AVHRR image used for ATSR data simulation. The image has been enhanced by using channels 1 and 2 of the
AVHRR 10 highlight land, sea, and cloud areas.

Fig. 10. The AVHRR image remapped in ATSR coordinates.
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. 1. Sea surface temperatures for the AVHRR image derived by using
the algorithm of McClain ¢7 al. (reference [Th.

Fig. 12. Simulated ATSR images for the 10.8-gm channel.
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Fig. 13. Transect (white line on Fig. 11) showing the SST derived by using
a typical theoretically derived SST algorithm.

lar, in that the forward data were derived using the same
techniques, but the results do show how the ATSR system
will operate. The increased noise which is evident in the
SST is caused by the amplifying effect of the SST algo-
rithm coefficients on the noise associated with channels 4
and 5 [6], 8], [4].

V. CONCLUDING REMARKS

The ERS-1 satellite will provide data from a variety of
instruments, principally for oceanographic purposes. The
payload includes a scatterometer, an altimeter, and a syn-
thetic aperture radar (SAR), as well as the ATSR and mi-
crowave radiometer. It is not appropriate to give details
of these other instruments here, but it is important to note
that many applications utilizing ATSR data will also use
data from the other instruments. Although the main use
of ATSR data will be for deriving global sea-surface tem-
perature maps for climate models, experience from users
of the AVHRR data indicates that ATSR data will also be
used for a variety of land and atmospheric applications.
Consequently, the list of applications of the data will be
very similar to that of the AVHRR, and there will be ad-
ditional applications which make use of the extra infor-
mation contained in the forward view. Potential uses in-
clude land-surface temperature determination, lake area
estimation to infer lake levels for climate studies, snow
and ice monitoring, soil moisture and evapotranspiration
estimates, and large-scale flood assessment. The use of
the dual views for stereoscopic applications, such as cloud
height determination [9], may also be possible.

One application that has been anticipated is the use of
the 1.6-um channel for studying ice- and snow-covered

surfaces. Sea-ice extent and land-ice boundaries may be
determined by using this channel. The channel will also
be used to detect cloud-contaminated pixels in order to
screen these from the SST processing.

In this paper, we have presented some details of the
novel scanning technique employed by the ATSR and have
shown what distortions will be present in the data due to
geometrical effects and yaw steering. Because of the high
precision of the on-board blackbodies, the active cooling
of the detectors, 12-bit digitization, and dual-angle ca-
pability, the ATSR promises to achieve higher accuracy
satellite-derived SST’s than are currently available. The
simulated ATSR data set described here is under continual
development and should ultimately be useful for the test-
ing of operational systems that are designed for ATSR
data analysis.

APPENDIX
AVHRR AND ATSR PixgL-S1zE CALCULATIONS

The AVHRR pixel semi-minor (x) and semi-major ( y)
axes dimensions of the eliptical pixels on the earth’s sur-
face are determined from the following equations:

o [ n)
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Fig. 14. (a) AVHRR pixel dimensions at nadir and at the edge of the swath. (b) ATSR pixel dimensions at the nadir and at the
extreme scan angles,

where y is the AVHRR nadir scan-angle, and ¢ is the
angular field-of-view of the AVHRR in radians.

The ATSR instrument has a field stop which limits the
field-of-view of the radiometer to 1.54 mrad in the across-
track direction, and 1.29 mrad in the along-track direc-
tion. This information, combined with the appropriate
ATSR scan-angle ( «, replacing y in the equations above),
can be used to determine the ATSR pixel semi-major and
semi-minor axes dimensions. Fig. 14 shows the ATSR
and AVHRR pixel sizes computed in this way at the cen-
ter and the extremities of the scans. The figure has been
drawn to scale to allow easy comparison between the dif-
ferent pixels. Also included in the figure is the along- and
across-track distances between neighboring pixels on the
same scan line.
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